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Abstract 
An urban network's shape and characteristics can have high influence on many mobility aspects, such as travel distance, mode 
choice and safety. For example, can a tram be a real competition to the car? Definitely yes if the car is stuck in a traffic jam and 
the tram has priority, but not only in such case! With a proper system design a tram may offer a faster travel to the city centre than 
the car. On the other hand if the tram provides faster travel than the car only during several peak hours, it is usually enough to 
provide better service for a majority of people travelling in such direction. 
For intense on-street public transport networks full priority is not always possible. This is another reason to resign from a paradigm 
of providing public transport along major car arteries – the urban public transport will be more efficient, also in speed terms, when 
it will be closer to commuters. Such closeness means a decrease in segregation, so part of the paper will be dedicated to theoretical 
calculations and practical observations of allowable tram and bus speeds on city streets. 
Safety leads to a problem of homogeneity of streets’ technical class and of coherence between streets’ functional and technical 
classes. Data from both Poland and other countries shows, that such elements as traffic intensity and extend of traffic segregation 
should strictly coincide with proper technical parameters. It is problematic, since many European streets, for historical reasons, 
cannot be rebuilt to fully meet uniform standards of one class, so results of inquiries on how to make these standards adjustable 
without compromising safety or living quality will be presented. 
Concluding, the aim of this paper is to gather experience gained from theoretical calculations and practical designs, and present 
a street network as a system. A system that properly implemented allows for sustainable, efficient and safe mobility. A system that 
to some extend is adjustable to local historical conditions. A system that, unfortunately due to local pressure and political reasons, 
is often overridden, with sober consequences. The investigations were focused on specific locations, but strengthened with 
theoretical calculations and generalised allowing for wide implementations. 
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1. Introduction 
Transport always influenced urban design. Medieval cities of Poznań and Wrocław were relocated to less 
defensible locations to provide better environment for commerce, including better accessibility. In the XIXth century 
railroads allowed workers to live in locations different from an absolute vicinity of an industrial plant. Today the car, 
and sometimes also the train, allows to travel long commuting distances. On the other hand, urban design, including 
street network layout and hierarchy, influences transport: a railroad station close by is a high motivation to commute 
without a car (Forsey et al., 2013), while locating a dwelling at a dead end road’s terminus makes it impossible to 
provide that dwelling with a feasible public transport. 
Unsustainable character of transport based on private cars was noticed over half a century ago. Negative effects of 
car traffic on city environment were summed up by Buchanan (1963), who proposed a traffic intensity limit for local 
streets of 200 cars/hour in both directions, allowing high traffic intensity and traffic jams only on thoroughfares with 
appropriate parameters. It should be noted, that using a phrase “street environment” Buchanan focused more on social 
environment with urban and historical values than on biology and air pollution. 
Today we can see that Buchanan was right. Car traffic has annexed streets on which children played a century 
earlier, and is encroaching on recreational spaces of modernistic developments (Moughtin and Shirley, 2005; 
Rychlewski, 2013). Such annexation, both in a form of a street’s area reserved only for motorised traffic and of space 
taken by a parking car, should be curbed (Sohn, 2011). Streets serving residential or commercial areas should be 
liveable (Gehl, 2010; Wachs, 2013). To reach that goal, nonmotorised and public modes of transport should be 
competitive to car traffic (Currie and Delbosc, 2011; Dell’Olio et al., 2012). 
2. Public transport competitiveness 
XIXth century tram lines were built on streets with an appropriate quantity of potential passengers. A modernistic 
idea of separating transport and residential areas allowed to increase commercial speed of public transport vehicles, 
but at a cost of moving stops away from customers and reducing accessibility. At the same time, car traffic was 
encroaching on residential areas, demanding allowance for parking, and for access to parking spaces, As a result: 
x It usually takes a person less time to walk to his car than to walk to a street with a public transport line. 
x Accessing public transport stops is timely and sometimes problematic (Rychlewski, 2010; Gadziński and Beim, 
2010), especially for disabled passengers. 
x Public transport vehicles, due to a need to stop at bus or tram stops, have different speed than other traffic – location 
of public transport lines along transit streets, which were usually optimised for through car traffic (Schmucki, 
2001), results therefore in a deficiency of traffic lights coordination for public transport vehicles. 
x Rychlewski (2015) proved, that locating tram network knots along transit streets usually means a very small 
possibility for providing public transport priority, with an exception of locating such knot on a different level than 
the car junction (such as Rondo Mogilskie in Cracow, Poland or Park Square in Sheffield, England). 
x Leaving public transport stops and walking to a trip’s destination might repeat the first two disadvantages from this 
list. 
The above list should be extended to include other disadvantages of public transport such as a need to wait for 
a public transport vehicle to arrive at a stop and, in many cases, time needed for an interchange. On the other hand are 
advantages of commuting by public transport, listed below. These advantages are conditional: 
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x No need for parking, and in some cases also walking from a distant parking place, is an advantage in case of 
a parking place deficiency or a price set for parking, 
x Car driving may be stressful if weather conditions are poor, 
x Car driving may take longer if traffic jams are on the way and if a public transport vehicle can pass that jam, 
x Car driving might require to travel a longer distance if environmentally friendly public transport is allowed to pass 
through streets where cars are forbidden or limited, 
x Utilisation of commuting time, i.e. for reading, requires to have a longer trip in one public transport vehicle: 
according to Currie, Sarvi and Young (2007) cost of such time is worth only 50% of time spend for walking and 
10% of waiting time for a late vehicle; similar data was provided by Litman (2008). 
Taking into account the listed aspects, exemplary calculations were made for two transport policy standards, based 
on observations of polish cities. A traditional flats development (i.e. Rataje development along Zamehnofa street in 
Poznań, Poland, also a development along Landsberger Allee in Berlin) was contrasted with a similar development, 
but built along a tram line with car throughways built outside (i.e. Kórnicka street in Poznań, also a development in 
Freiburg am Breisgau, Germany, described by Beim and Hague, 2010). The comparison also included location of 
parking places inside the development, contrasted with their location on the development’s border. Traditional tram 
way with trams reaching commercial speed of 15 km/h (standard speed in Poland: Krych, 2009) was contrasted to 
a well maintained way with a tram priority at junctions, allowing for a commercial speed of 25 km/h, the speed being 
observed on a tram line through upper Rataje development in Poznań. A traditional interchange on a street junction 
was contrasted with interchanging within one platform. Finally, parking in a city centre was contrasted with parking 
outside a paid parking zone, but within 0.5 km radius from a destination place. Result of these calculations are 
presented in table 1. 
Table 1. Comparison of travel time by car and by tram for two exemplary spatial layout policies. 
Type of spatial arrangement policy Traditional layout Public transport oriented layout 
Travel time [min] By car By tram By car By tram 
Walking to a car or a tram stop  0.6  2.4  1.8  2.3 
Waiting for a tram / preparing a car for driving  0.4  2.7  0.4  2.7 
Time of driving a car or riding a tram 10.0 20.0 11.7 11.9 
Average interchange time  0  1.5  0  1.5 
Searching for an empty parking place  1.3  0  0.8  0 
Walking to the destination place  3.0  2.3  7.0  2.3 
Total travel time 15.3 29.1 21.7 20.7 
Additional delay if a traffic jam is on the way 15.0  0 15.0  0 
Total travel time 30.3 29.1 36.7 20.7 
 
Table 1 proves, that, with proper spatial policy and during high operation frequency, a tram can be competitive in 
time to a car, even without traffic jams. In this example no special restrictions for cars were presumed, except for 
directing them to areas where their environmental impact would be reduced (throughways outside developments, 
parking along streets instead of buildings) – no anti-car policy tools were used. A condition for tram competitiveness 
was tram stop location close to trip’s origins and destinations and passenger accessibility without delays connected to 
crossing major streets. 
Most advantages of public transport are connected with high traffic intensity (Currie, Sarvi and Young, 2007) – the 
high intensity allows for good frequency, priority and spatial accessibility of public transport, simultaneously 
triggering traffic jams, parking problems and environmental issues for car transport. Fig. 1 exemplifies the relations, 
including lower public transport frequency outside peak hours and longer service at stops during peak hours. The data 
used to construct the figure was based on tram timetable and traffic intensity readings from Poznań. 
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A well organised fast public transport – tram or BRT – can therefore be competitive to a car throughout the day. In 
many cases the public transport might be competitive to car traffic only during limited peak hours, but it is during 
those peak hours that over 50% of trips happen. 
A public transport network should consist of lines providing good accessibility, at a cost of increasing distance and 
travel time (Murray, et al., 2007), and of lines competitive to car traffic (Dell’Olio, 2012). The latter ones require 
proper spatial design, allowing a tram or bus to travel a straight line without many deviations, and without cul-de-sac 
developments (Chandra and Quadrifoglio, 2013; Littman, 2010). 
 
 
Fig. 1. Exemplary travel time using cars and public transport for two spatial layout policies. 
3. Public transport and pedestrian traffic 
Good accessibility is important for public transport competitiveness. The shorter the trip, the better the access 
should be. El Geneidy et al. (2013) reviewed present literature, concluding on a limit of practical access distance to 
be 300–550 m for city busses and up to 800 m for fast urban rail systems. These values were investigated for existing 
public transport passengers; in order to attract new passengers they should be lowered. Gadziński and Beim (2010) 
calculated that layout of street network in Poznań reduces access distance by 26% compared to walking along 
a straight line. Additionally, as Rychlewski (2015) calculated, limiting access to a public transport stop platform can 
increase average access distance by 15–50 m, consuming 3–17% of an area served. A good public transport service 
requires therefore good pedestrian accessibility to public transport stops’ platforms, otherwise the access distance 
might be reduced even by 35%, reducing area covered by 58%!  
Such access might mean that pedestrians should be allowed to cross public transport ways at many locations, which 
might cost the public transport vehicles their speed. A compromise is therefore needed, utilising a low level of 
intrusion of public transport vehicles on pedestrian environment (Jefferson, 1996). Coexistence between trams or 
busses and pedestrians should be looked at concerning safety and right-of-way. A following analysis was therefore 
undertaken, using a parallel to pedestrian-car conflict management: 
x Pedestrians have the right-of-way on sidewalks, pedestrian streets (usually with a speed limit of 10 km/h for cars 
allowed to enter), and in shared space areas (i.e. woonerfs, where speed is limited to 20 km/h). 
x Pedestrians are required to give the right-of-way when they cross streets outside crosswalks. This happens in 
30 km/h zones where crosswalks usually do not exist, in 50 km/h zones where pedestrians can also walk to 
a crosswalk, and on roads with car speed allowance up to 90–100 km/h. Let us note, that above 50 km/h car speed 
it is hard for a pedestrian to evaluate the speed – the pedestrian should therefore wait until the road is clear, so 
traffic intensity cannot be too high. Public transport intensity rarely exceeds 1 vehicle per minute in both directions 
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and trams or busses are significantly easier to notice than passenger cars, so an analogy to high speed low intensity 
roads is justified.  
x Pedestrians on crosswalks have the right-of-way, so a public vehicle driver is required to be able to stop before 
such crossing. These crossings usually are made through ways with speed limits between 40 and 70 km/h. Since 
a vehicle is required to stop before a person on a crosswalk, a crucial aspect for public transport vehicles is a value 
of tram or bus deceleration: according to Polish rules cars and busses are required to decelerate at 3.5 m/s2, trams 
at 2.5 m/s2, but safety of passengers riding a local public transport vehicle limits these values to 1.2 m/s2. Car 
speeds taken for the analogy should therefore be calibrated according to the braking distance depending on an 
appropriate deceleration value, as shown in table 2. 
x Pedestrians at signalised crossings have at least the right-of-way, but in many cases also a guarantee for inexistence 
of collisive streams. 
 Table 2. Maximum speeds for public transport vehicles required to give the right-of-way using braking distance for an analogy to car traffic.  
 Speed allowing similar braking distance Description of the right-of-way rules 
Car speed For 2.5 m/s2 deceleration For 1.2 m/s2 deceleration 
10 km/h  6 km/h  5 km/h Pedestrian street, pedestrians have the right-of-way. 
20 km/h 13 km/h 11 km/h Shared space, pedestrians have the right-of-way or right hand rule is 
used.  
30 km/h 21 km/h 17 km/h Residential street, pedestrians give the right-of-way. 
40 km/h 29 km/h 22 km/h Local street, pedestrians give the right-of-way or have the right-of-way 
on crosswalks 
50 km/h 37 km/h 28 km/h Collector street, pedestrians have the right-of-way on crosswalks, at 
some locations they can cross the way outside pedestrian crossings 
giving the right-of-way.  
60 km/h 45 km/h 34 km/h Main street, pedestrians have the right-of-way on crosswalks, but 
number of lanes to cross should be limited. 
70 km/h 53 km/h 40 km/h > 50 km/h: On roads and streets with limited traffic intensity pedestrians 
cross the way but have to give the right-of-way to cars – practically they 
can cross when the way is clear of cars. With medium and high traffic 
intensity traffic lights should be used. 
80 km/h 62 km/h 46 km/h 
90 km/h 70 km/h 52 km/h 
 
Table 2 leads to the following conclusions: 
x In the pedestrian priority areas the tram or bus speed should be limited to 10 km/h (actually 11 km/h, but for clarity 
the proposed speeds were rounded to the nearest 5), to allow safe for passengers braking. In the shared space areas 
the allowable speed might depend on pedestrian attitude toward public transport vehicles – if the pedestrians would 
respect these vehicles, the speed limit might be raised to 15–20 km/h. This corresponds with results of a survey 
done by Schmidt (2008) for tram lines passing through pedestrian areas in German cities. The speeds of 10–15 km/h 
correspond to limits set by tram track geometry at tram network knots or curves (Rychlewski, 2015). An allowance 
for such low speeds might be given also for crossings adjacent to public transport stop platforms: vehicles leaving 
these stops have at such crossings speeds within this limit, while limiting the speed for vehicles entering the stop 
would cost each vehicle only 1–3 s extra travel time. 
x If a public transport vehicle should give way to a pedestrian at a crosswalk, than the driver should have appropriate 
visibility. In other words the driver should notice the pedestrian when he is attempting to cross the tram or bus way, 
but has a certain distance to walk before reaching a zone where he can be hit by the public transport vehicle. 
Calculations of such side distance are presented in table 3, considering only cases when the pedestrian could reach 
the collision area before the public transport vehicle (in other words, an assumption is made that the pedestrian 
would not collide with a side of the passing vehicle). Table 3 shows that generally an efficient and safe public 
transport should not be required to give an absolute right-of-way to pedestrians, but a compromise (a pedestrian 
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should not enter the crosswalk if a public transport vehicle is approaching) might be acceptable for wider (at least 
6 m between a public transport lane and a sidewalk) streets. 
x If the pedestrians have to give the right-of-way to a public transport vehicle (no crosswalks, pedestrians have to 
cross a curb or a similar obstacle warning them that they enter a dangerous zone), then three speed limits can be 
considered as safe: 40, 50 or 70 km/h. The first limit takes into account a situation that if a person walks into the 
way, the speed should allow a public transport vehicle’s emergency deceleration on a distance similar to braking 
distance of a car travelling at 50 km/h. The second value is appropriate if pedestrians are conscious that they have 
to give the right-of-way (compare with research results by Castanier, Paran and Delhomme, 2012) – visibility of 
an approaching tram or bus is better than of a normal car, so if the pedestrians are accustomed to evaluate car speed 
and let the cars freely pass by, they will also wait until the public transport vehicle passes. The third value would 
require pedestrians to wait until the public transport vehicle passes by an the way is clear (evaluating public 
transport vehicle’s speed would be risky) – it is appropriate for separate public transport streets or in rural areas. 
x Traffic lights provide safe pedestrian crossings if the pedestrians enter the crosswalk only during a green light. 
Crossing on red can be curbed if the red light is given only when a vehicle is passing the crosswalk (Diaz, 2002; 
Kruszyna and Rychlewski, 2013). A rule for public transport priority that a vehicle receives a “go” light when 
needed, but also only when needed (Rychlewski, 2012), has been successfully utilised in Poznań. One problem, 
however, arose: if a tram is travelling with a speed of 50 km/h, the tram’s driver should to receive a “go” light 
8-9 seconds before passing (otherwise the driver should start to decelerate). For these 8–9 seconds pedestrians are 
not allowed to pass, but no vehicle passes either. The time could be reduces by half if the tram driver would receive 
an unconditional “promise” of a “go” light. 
Table 3. Speed of a public transport vehicle [km/h] limited by visibility of a perpendicularly approaching pedestrian with the right-of-way.  
Deceleration value 
1 car lane 2 car lanes 3 car lanes 
3.0 m 3.5 m 6.0 m 7.0 m 9.0 m 10.5 m 
1.2 m/s2 – safe for standing passengers  5  6 14 17 24 27 
2.5 m/s2 – appropriate for emergency situations 10 14 30 36 49 55 
3.5 m/s2 – only for busses with all passengers seated 14 19 41 50 68 77 
4. Safety and sustainability from street class homogeneity and proper hierarchy 
Streets and roads should be built in accordance with a certain technical hierarchy, optimised for functionality, 
economy and safety (Levison and Zhu, 2012; Steierwald and Kunne, 2005; Wramborg, 1998). In Poland inadequate 
funding, existing spatial development and irrespective to financial possibilities street network planning resulted in 
pathologies such as streets built with a mix of parameters from different street classes, or streets serving traffic 
inadequate to their technical class. This leads to disobedience of traffic rules by street users, lack of clarity concerning 
proper driver’s behaviour, excessive traffic volumes and a decrease in safety (Rychlewski, 2011). Major deficiencies 
of existing Polish streets compared to class requirements are given below. 
Inadequate funding and cutting an important street through an existing development prompts acceptance for too 
narrow streets. In such case car lanes are usually built according to the designated class, leaving no width for bike 
lanes or ways, turning lanes, parking places or alleys of trees. Wide lanes encourage drivers to gain speed, but the 
drivers face hazards from low speed traffic (Sohn, 2011; Solomon, 1974) turning to side streets or searching for 
a parking space. Cyclists, fearing heavy and fast car traffic, often ride on sidewalks, endangering pedestrians 
(a comparison can be made to observations of Kang and Fricker, 2013; Broach, Dill and Gliebe, 2012). Pedestrians 
get narrow sidewalks close to traffic noise or encroached by parking. Inhabitants face a deterioration of environment 
and fragmentation of the area, including children having to cross dangerous streets on their way to school. Professional 
drivers cannot find a place to stop their taxi or delivery van. A solution can be found in reducing capacity and speed 
of cars. 
A deficiency of space for turning lanes is not only a capacity problem – such lanes are crucial for traffic safety, 
being jeopardised where speed is too high for given infrastructure: 
534   Jeremi Rychlewski /  Transportation Research Procedia  14 ( 2016 )  528 – 537 
x For transit streets (arterial and wider main, according to Polish classification) increased car speed requires 
separation from slower traffic, also on junctions. Since bicycle and public transport ways are separated, drivers of 
cars turning from such streets do not remember that they have to give way (Castanier, Paran and Delhomme, 
2012) – these turning streams should therefore have a separate traffic lights phase free of collisive streams, 
requiring in turn a separate lane. Increased speed of approaching vehicles is also a reason to reduce unprotected 
left turns (Yan and Radwan, 2007). 
x On city streets (collector and narrower main, according to Polish standards) tram tracks can be put close to car 
lanes, and cyclists should have bike lanes. Such conditions (good visibility of collisive traffic, compare with Philips 
et al., 2011), with speed limit of 50 km/h, allow for unprotected left turns, if made from separate turning lanes.  
Close location of tram and bike ways allows drivers to notice trams and cyclists and remember them. 
x Local streets with small speed, small traffic intensity and traffic limited to one way for all users do not require any 
special provisions for safe turning. 
Excessive traffic intensity is a problem of many cities. Such situation might be hazardous to city sustainability 
when traffic jams prompt drivers to use local streets (a common case in Poznań, Wrocław or Warsaw, Poland) and 
transport authorities restrain from protecting these streets. Such traffic encroachment results in: 
x Nervousness of transit drivers trying to gain speed on low speed streets, blocked by parking or turning vehicles, 
cyclists and pedestrians on crosswalks, 
x Danger from drivers exceeding a street’s technical speed, 
x Problems for pedestrians required to yield to cars while crossing a street outside crosswalks, resulting in safety 
decrease and area fragmentation, 
x Environmental problems (noise, pollution) for streets not designed for heavy traffic intensity, 
x A need to install traffic lights on local streets. 
The examples presented above show how deficiency of homogeneity of streets parameters puts a cost on traffic 
safety. The deficiency also influences sustainability, both by making unsustainable travel behaviour easier and by 
putting barriers to safe walking and cycling. 
5. Classification of Polish streets 
According to current law, there are 6 classes of streets in Poland: 
x 2 classes of access streets: local and neighbourhood, 
x 2 classes of city streets: collector and main, 
x 2 classes of transit streets: arterial and expressways. 
Such classification is adequate for passenger car traffic, but presents its weaknesses where other transport modes 
dominate. An attempt to gain the technical coherence of a class would require a 2-fold increase in class number, or 
include subclasses for specific situations (Rychlewski, 2011). Comparing Polish classification to other countries, the 
second approach appears to be better. 
To allow proper design of street optimised for special traffic modes, certain classes should be amended 
(Rychlewski, 2011): 
x Neighbourhood streets should have a pedestrian street option, with no requirements for a car way. If such street 
would not serve any adjacent property, the width of this street could also be reduced. 
x Local streets should have a bicycle street option, with way’s width allowing a car and a bike to pass, and parameters 
optimised for cycle through traffic. If such street would not serve any adjacent property, the width of this street 
could also be reduced. 
x Local streets should have a cargo street option, optimising parameters for heavy truck traffic, but leaving low 
technical speed. Such streets should be designed in industrial areas. 
535 Jeremi Rychlewski /  Transportation Research Procedia  14 ( 2016 )  528 – 537 
x Local streets should have a commercial street option, focused on serving intensive traffic connected to shopping 
malls, airports, railroad stations or stadiums, with several lanes but low technical speed. 
x Local streets should have a public transport street option, with parameters optimised for busses or trams, free or 
semi-free of car traffic, and with the technical speed raised to 50 km/h. 
x Arterial streets should have an option for a public transport artery, serving a fast tram, a BRT or a LRT, with the 
technical speed of 60–70 km/h. Such street would require larger horizontal curve radiuses, but can do without 
a minimal distance between junctions or turning lanes. 
x Special “street” classification for water ways, railways or paths for communal infrastructure might be useful to 
include such infrastructure in the classification system. In Poland such inclusion, allowing to utilise some legal 
provisions, would make construction of such infrastructure easier. 
Including the above options for street classes would not eliminate all Polish problems with streets’ technical class. 
The technical parameters should be supplemented by at least (Rychlewski, 2011; Rychlewski, 2015): 
x Maximum vehicle traffic intensity for neighbourhood, local and collector streets, 
x Limits for arterial and main streets considering serving adjacent property, 
x Limits for arterial, main and collector streets concerning parking, 
x Limits for neighbourhood, local and collector streets concerning freight traffic, 
x Detailed conditions allowing use of parameters one class lower – research done by the author showed that in 
specific cases such allowance does not reduce safety or sustainability, 
x Provisions for street authorities to curb excessive traffic intensity or speed. 
6. A case of Głogowska street in Poznań 
An example of different approach to car traffic can be presented for a part of Głogowska street in downtown of 
Poznań, Poland. The street in Łazarz district, classified as main, is approximately 1.8 km long with 11 junctions along 
the way (junctions allowing only right turns and straight traffic along Głogowska street were skipped), all with traffic 
lights. Currently the street has 2 car lanes in each direction with 2 tram tracks in the middle of the way and a prohibition 
for left turns from the main street. Traffic arrangement has been optimised for maximum capacity. 
Given in table 4 is a comparison of three strategies for the street’s traffic layout. Apart from current maximum 
capacity option two proposals were investigated: an optimisation for between and outside peak traffic quality, and for 
sustainable transport. The first option’s goal was to improve traffic quality for driving outside peak hours by allowing 
left turns and providing cycle lanes, at a cost of reducing through lanes to one in each direction. The second option 
aimed at reducing traffic o adjacent streets, using provisions of the first option, but also changing direction of traffic 
on local streets and reducing capacity at junctions of local streets with an artery perpendicular to Głogowska street. 
 Table 4. Effects of three strategies for Głogowska street in Poznań.  
Criterion 
Current arrangement Optimisation for traffic 
outside peak hour 
Optimisation for 
sustainability 
Number of lanes for going strait  2 1 1 
Left turns Prohibited Allowed Allowed 
Time needed to turn left from the street [min] 2 0 0 
Traffic lights coordination Impossible Possible Possible 
Traffic lights cycle [s] 105 80 75 
Capacity in both directions [vehicles/h] 4000 3200 2000 
Cycle lanes No Yes Yes 
Traffic on adjacent neighbourhood streets Intensive Low Low 
Traffic on adjacent local streets Intensive Intensive Low 
Quality of coordination on the perpendicular artery Medium Medium Good 
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As table 4 exemplifies, spatial arrangement on existing streets usually requires compromises. The trade-offs are 
however not only between ecology and capacity, but also between serving different drivers. In this example 
optimisation for service car traffic (deliveries, etc.) was contradictory to optimisation for drivers going to work at peak 
hours, and an approach focused on sustainability enabled an improvement of car traffic on a nearby artery. 
7. Discussion 
Presented proposals were adjusted to Polish law, including formal street hierarchy, and to travel behaviour observed 
in Poland. International publications allowed to get a view at these problems in other countries, but the publication 
range was limited to European Union, North America and Australia. Some insight was provided by films available on 
the internet showing different collisions, a majority of them from the USA and Russia. Especially noteworthy were 
films from cities which introduced (or reintroduced after several decades of absence) tram lines, showing that car 
drivers turning left are not accustomed to have a vehicle with the right-of-way coming from behind on a collision 
course. 
It is clear that traffic safety strongly depends on local behaviour of people, on legal tradition, and on value of life. 
Ridership of public transport strongly depends on local economy and transport policy. Utilisation of the presented 
work would therefore require, especially outside European Union, a calibration of proposed solutions and parameters. 
8. Conclusions 
Transport network of a city is a system and has to be treated this way. Success or failure of certain transport policies 
strongly depends on the network’s shape, but also on urban development and legal environment. Transport policies 
are a lot easier to implement where street hierarchy is clear to commuters, stable and free of exceptions. 
Examples presented in this paper proved that under proper urban design public transport can be competitive to cars, 
even without anti-car policy measures. The competitiveness requires a sufficient number of passengers – at night or 
between peripheral developments such competitiveness would not be feasible. 
Public transport has to be close to passengers’ destinations. It is necessary to repeal a paradigm of designing fast 
public transport lines along major car arteries. Tram and bus ways should be designed through city and precinct 
centres, wherever it is possible to provide a relatively straight track free of speed reducing geometry. Such task is a lot 
harder for spatial planners and designers than the repealed paradigm, but is necessary for a feasible public transport. 
It is important to design new public transport lines without compromising speed. An exception to this rule can be 
placed in vicinity of stops. Low speed connected to necessity to stop at a platform allows for location of curves, tram 
network knots, and solutions improving pedestrian access without increasing passengers travel time, or causing 
minimal delay. In other words public transport has to be fast between stops and can be slow in the stops’ vicinity. 
For comfort and safety of passengers, pedestrians crossing public transport routes should not have crosswalks – 
accepted can be an allowance for crossing without the right-of-way over public transport vehicles, and traffic lights. 
The traffic lights should give public transport priority “when needed, but also only when needed”. Pedestrian right-
of-way or shared space rules might be acceptable in the public transport stops’ vicinity. 
Street hierarchy is a system important for safety and transport sustainability. A street’s technical parameters should 
be in accordance with a certain class, the class itself being in concordance with the street’s function. Exceptions to 
such homogeneity should be limited, but in certain cases a lowering of one class might be free of negative 
consequences. 
Polish street hierarchy should be modified to include special street design for public transport, cyclists or shopping 
mall traffic. The hierarchy should also be supplemented by adding limits to traffic intensity or freight traffic for lower 
classes, and limits to service for adjacent properties for higher classes. 
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